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Consider now the case where we know the time win-
dow and frequency band in which a signal occurs. The
measure D[s] restricts the integral in Eq. (2.2) to the
projection h
k
of h into the space of vectors with the give
window and frequency band. Introducing the notation
A
2























Since we claim no prior knowledge of , a suitable mea-
sure over  is uniform over all possible angles between h
k
and s (i.e. over an N sphere, where N is the dimension
of the space of vectors with the required duration and
frequency band), which reects our lack of knowledge.
While a suitable measure over the signal amplitude A
can also be deduced, it is unnecessary here. Instead, one
constructs a locally optimal statistic [6], 
loc
[h], which
is appropriate in the limit of weak signals. To construct
this statistic, one expands the likelihood ratio (2.5) in a
Taylor series aboutA = 0. The statistic is simply the rst
non-vanishing coeÆcient (excluding the A
0
coeÆcient) in




[h] / E + terms independent of h: (2.6)
The terms independent of h clearly do not discriminate
between the presence and absence of a signal. Thus, the
optimal statistic for detecting a signal of known dura-
tion and frequency band is simply the total power in the
detector output over that time and band.
III. OPERATING CHARACTERISTICS
In the previous section we determined the optimal statis-
tic E for signals of known duration and frequency band in
stationary Gaussian noise. We construct the optimal l-
ter from this statistic via a threshold decision rule. That
is, we calculate at what value E
?
of the statistic we incur
the largest acceptable false alarm probability. We then
compare values of E calculated from our data with E
?
. A
signal is said to have been detected if E > E
?
.
For Gaussian noise, false alarm and false dismissal
probabilities can be calculated analytically up to quadra-
ture. If no signal is present, E is just the sum of the
squares of V  2ÆtÆf independent Gaussian random
variables. Thus E has a 
2
distribution with V degrees
of freedom, and the false alarm probability for a value E
?
is just
P (E > E
?














dt is the incomplete Gamma
function.
If a signal of amplitude A is present, E is distributed
as a weighted sum of 
2
probability distributions,




















This is the non-central 
2
probability distribution. The
false dismissal probability is given by







p(E j V;A) dE (3.3)
This probability can be integrated numerically.
IV. SUMMARY AND DISCUSSION
We have presented here a power lter to search for gravi-
tational wave signals from burst sources in interferomet-
ric data. The lter is designed to look for signals of
known duration and frequency bandwidth; when this is
the only available information, and the noise is stationary
and Gaussian, the power lter is optimal. Moreover, this
lter is locally optimal for a wide class of non-Gaussian
noise, thus making it a useful tool to analyze real inter-
ferometer data.
One shortcoming of the power lter is its inability to
distinguish between gravitational wave signals, and spu-
rious instrumental artifacts which produce time and band
limited signals. This is mitigated by using multiple in-
struments to detect gravitational wave bursts. As an
added benet, bursts identied as noise can then be used
for detector characterization. The extension of the power
lter to multiple instruments will appear in an upcoming
article [4]; this article also contains a more complete dis-
cussion of the lter, including implementation strategies
and a comparison to matched ltering.
In conclusion, we think that the power lter provides a
useful tool for gravitational wave data analysis. It should
play a signicant role in detector characterization for sin-
gle interferometers, and should form the basic building
block in an hierarchical detection strategy using multiple
interferometers.
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